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ABSTRACT 

The experiment conducted is in support of a broad-based 
study of underwater shock wave phenomena and the effects 
they have on ship’s hull lethality. An air-backed flat 
plate with externally machined rectangular stiffeners and a 
clamped boundary condition was subjected to a shock wave 
loading generated by an eight pound TNT charge detonated 
underwater. The plate was instrumented to measure transient 
strains. The test structure acceleration and free field 
pressures were also measured. Preshot and postshot 
calculations were performed using the finite element/finite 
central difference computer code, EPSA (Elasto Plastic Shell 
Analysis) . This code was modified to predict the nonlinear 
elastoplast ic shell response for the plate. The 
EPSA/PATRAN-G interface program developed at NPS was 
utilized to produce color graphics which aided greatly in 
the analysis . 
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INTRODUCTION 



I . 

This paper outlines in detail the work achieved to date 
at the Naval Postgraduate School in the area of underwater 
shock loading of plates. The objective of this work is three 
fold: first to obtain experimental data on the dynamic 

response of simple structures subject to underwater shock, 
secondly to compare the experimental results with the 
predicted results based on the existing computer code, and 
thirdly for the school as a whole to acquire the knowledge 
and technical expertise necessary to conduct these types of 
experiments. An anticipated result of the latter is to 
identify the problem areas and base technology needs in 
experiment and prediction methods. This paper discusses the 
first underwater shock test, which was an investigation into 
the associated phenomena of gross plate response and the 
tripping of rectangular stiffeners. 

The tripping effect is a lateral, torsional instability 
of the stiffener as it becomes suddenly unstable and fails 
under a load. Tripping is also viewed as a buckling and 
warping of the stiffener. In either case, the response of 
such structures as a stiffened flat plate or a cylinder with 
ring stiffeners will change dramatically when the functional 
character of the stiffeners is reduced after they have 
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tripped. The need for this study and its applicability to 
the Navy is self-evident as stiffeners are incorporated in 
the structural design of all ships and submarines. The 
results of a previous series of tests on ship-type grillages 
have been described as "clearly demonstrating the signi- 
ficance of lateral- torsional instability (tripping) as a 
primary ductile failure mode for ship structure" [Ref. 1]. 
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II. DESIGN AND FABRICATION OF THE TEST STRUCTURE 



The purpose of this work was to conduct a series of 
experimental tests where plates of various stiffener types 
would be loaded by an underwater shock wave. The plate was 
geometrically similar to a ship's stiffened hull--or 
grillage — and air backed. This required a backing structure 
that was watertight and strong enough to be used throughout 
the test series. The plate was subjected to large deforma- 
tions, well into plastic regime, to ensure a good tripping 
effect in the stiffeners. As an aid in setting up and 
validating each test, it was necessary to model the test 
plate using a finite element computer code. Therefore, to 
ease the modeling requirements, the structure was kept 
simple throughout the design process. Well defined 
geometric and material properties and good boundary 
conditions were specified. As in any experimental test, the 
number of uncertainties were kept as few as possible. 

Needed for the plate material was a common and easily 
machinable metal with the material properties of being 
initially isotropic and exhibiting very little strain 
hardening. 6061-T6 aluminum was selected because it has 
these properties and is readily available in the sizes 
required. It is easily machined and can be welded as well. 
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Upon receipt of the material, a section of the blank was 
removed and tension test specimens made from it. The 
uniaxial tension tests were conducted to characterize the 
6061-T6 aluminum as having a yield stress (°y) °f 43200 psi 
and an ultimate stress (a ) of 44900 psi. The recorded 
elongation is 11.5%. Data from these tests are presented in 
Appendix A. 

As for the boundary conditions of the test panel, a 
clamped arrangement has proven in past shock tests to be 
most effective. The integral edge arrangement reported by 
E. A. Witmer and R. Wu [Ref. 2] was adopted. This involved 
machining the test panel out of larger blank stock and 
leaving a massive edge on all four sides. Previous designs 
for a clamped boundary of a panel to be shock tested had 
employed such schemes as serrated clamps, massive bolts, or 
hardened faces, all of which had slipped to a degree. It 
was this final design of an integral edge which exhibits 
essentially no slip during loading [Ref. 3]. 

The stiffeners were likewise integrally machined from 
the aluminum blank to eliminate any uncertainty that would 
arise from a welding procedure. All corners and inter- 
sections were rounded to remove any stress concentrators. 

To model a typical ship's grillage requires the use of 
scaling laws. Based on discussions with Dr. R. P. Daddazio 
of Weidlinger Associates, Inc., there are two important 
parameters, B and X, for scaling of the grillage. 
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